Abstract. The main factor of land degradation is water erosion, it endanger the pedological cover, which is a major natural resource. The time required for data collection, as well as the high cost of research, is the difficulty in estimation of water erosion by conventional methods. However, these problems can be overcome by the use of predictive models and the use of new technologies. The usage of these models requires the application of GIS and GIS-based procedures for determining factors of erosion and erosion prediction at the point or grid level. For these reasons, as a new methodological approaches are recommended USLE and PESERA, by the side of Ministry of Natural Resources, Mining and Spatial Planning of the Republic of Serbia, inside the document "Regulation on the national list of environmental indicators" ("Official gazette" of the Republic of Serbia, no. 37/2011, Clause 1).
Introduction
The main factor of land degradation is water erosion, it endanger the pedological cover, which is a major natural resource. Intensity of water erosion depends on many factors, the primary factors of erosion are: geological and pedological covers, relief, climate, vegetation and land use. Loss of soil through erosion is a serious problem in Serbia, and estimated losses through water erosion and protecting soil from erosion, are a necessary condition for sustainable development of economy and society.
The time required for data collection, as well as the high cost of research, is the difficulty in estimation of erosion by conventional methods. However, these problems can be overcome by the use of predictive models and the use of new technologies.
A wide range of models are available today to assess the risk of soil erosion. Erosion models can be classified in several ways. There are models that employ time scale and the models that are designed to provide long-term loss of land, also some models predict erosion at one point and we also have models that predict the spatial distribution of erosion. However, the basic division of soil erosion model are division on the physical, digital and analog models. The physical model is the hardware model developed in the laboratory, it assumed dynamic similarity between the model and real world. Analog models employ mechanical and electronic systems. Digital models are based on the application of computer technology for processing large amounts of data, and they can be divided into three groups: stochastic, empirical and models based on physical principles [1] .
The choice of a particular model largely depends on the purpose of the research, the availability of data, time and finance required for the project. Most of the models that are used in studies of soil erosion are empirical type.
In the Serbia for mapping intensity of water erosion, are the most commonly used method of "Potential erosion". This method was developed at the Institute for the Development of Water Resources "Jaroslav Cerni", and model is based on many years of study of soil erosion in Grdelica canyon, led by professor Gavrilovic. The method showed high reliability and it is used as a standard method for mapping erosion for waterpower engineering (e.g. calculations siltation of rivers, canals and reservoirs). To date, the entire Serbia and significant parts of the former Yugoslav republics are mapped base on Gavrilovic method [2] .
Spatial modeling can be implemented through two main approaches:
• access to fields, and • access to discrete objects.
Access to fields approach assumed that each point in space can be characterized by using the attribute values, also in this approach the spatial entities do not need to have clearly defined boundaries.
Access to discrete objects approach is based on the well-defined spatial entities. The main characteristic of this approach is that each entity is assigned only to one set of categories or classes.
Perhaps the biggest problem of the erosion modeling is difficult confirmation of obtained result. At the regional and wider scale, practically does not exist reliable data for comparison of estimated and actual loss of the land.
The aim of this paper is to present the most commonly used methods and models that estimating soil loss due to water erosion at the global, regional and local levels.
Models for assessing erosion processes
In the last few decades was launched a number of projects at the European and the world level, which aimed to assess erosion risk at national, European (Table  1 ) and the international level. The next part of this essay describes some of these projects and models (main sources: [3] ; [4] ; [5] ). 
CОRINE
The CORINE project employ the CLC database of land cover to provide consistent information of land cover for European countries, allowing the more regular and easier management of the environment. The CORINE is a lot based on the USLE model, and it is applied to the resolution of 1km x 1km. The analyses are based on the results that are classified inside three groups: the erodibility of land is classified in four classes, rainfall erosiveness is classified in three classes and slope is classified in four classes. The results are then multiplied, and we can obtain a combined score that represents the potential risk of erosion. The CORINE approach should in future allow more sophisticated model, especially for the factors that are used in the climate and soil calculation.
GLASOD
In 1988 the ISRIC World Soil Information are commissioned by the United Nations Environment Programme (UNEP) to make a global study of land degradation in cooperation with a number of researchers around the world who are engage in this topic [3] . The project covered 21 regions and utilized the regional erosion maps, which have been the basis for the correlation with GLASOD maps. This project determined that the dominant processes of erosion are caused by water and wind, which together occupy more than 83% of degraded areas [1] .
The idea of the project was that experts from many countries answer to the questionnaires, and to create a global picture of land degradation. Unfortunately, not all the countries have completed and sent the questionnaires so the level of map details varies. Also, the deficiency of the project was a very low control and objectivity level. The scale of the final map is 1:10.000.000 and provides a minimum resolution of only 10km x 10km.
The GLASOD map identifies areas with similar subjective intensity of erosion, regardless of the circumstances that led to the erosion. The results show that the dominant process of soil degradation in Europe is water erosion, and that about 10% of Europe is under strong erosion process.
The GLASOD card is still in wide use. However, the lack of objective comparisons between and within the areas is the main difficulty for the interpretation of these maps.
INRA
This project is developed by INRA in France. The model uses a combination of empirical data for the land use (250m x 250m resolution CORINE Land Cover database at 1:100,000 scale), soil erodibility (out of the database), relief (DEM in 1km x 1km resolution) and meteorological data (25 year daily meteorological data in 50km x 50 km resolution) [3] . In this project, spatial unit for presentation of the results can be defined as an administrative boundaries or basin areas. This approach is clearly different from the expert assessment inside GLASOD model and it is based on modelling by employing hierarchical multivariate classification. It is designed to estimate the average risk of erosion at the regional level.
The model can be easily modified and can be update with new data. The approach presented here is very simple because it can accommodate heterogeneous data, but does not require the use of parameters that are not available at the national level. The model is more precise and accurate than the CORINE model.
But the main source of uncertainty in this model is definitely related to the parameters obtained from a database of land, because the spatial resolution and accuracy of these data is very small. Another limit is 1km x 1km grid resolution of DEM, which is very high resolution and is therefore very inaccurate for slope estimation [3]. Wu et al. (2005) indicate that the evaluation of land loss significantly decreases when the DEM resolution is greater.
EUROSEM
The model EUROSEM (European Soil Erosion Model) was developed in the United Kingdom for application in the countries of the European Community [7] . It is based on the KINEROS model [8] , and it is a single rainfall event model that can be applied for (structured) slopes and small (max. 50 ha) catchments. The inputs of the model are topographical, soil, vegetation, and rainfall parameters. The model can calculate runoff and soil loss by one-minute intervals. The model has been calibrated in England, the Netherlands, and Oklahoma (USA). The model was used in Costa Rica, Nicaragua, and Mexico, as well as in China. The EUROSEM considers different aspects of the erosive phenomenon as:
• drop interception due to the vegetative cover, • volume and the kinetic energy of the rain drops,
• stagnation of water on soil for the microtopography, and • runoff and sediment deposit.
The hydrographic basin has been represented by skew plains and channels that are respectively slopes and the hydrographic network.
WEPP
Тhе WEPP (Water Erosion Prediction Project) model is a process-based model for simulating soil erosion by water along a hillslope or within a watershed ( [9] ; [10] ; [11] ). The model has been created in the USA and represents one of the most advanced mechanistic models for soil loss assessment. The WEPP contains nine components: weather generation, winter processes, irrigation, surface hydrology and water balance, subsurface hydrology, soils, plant growth, residue decomposition, overland-flow hydraulics, and erosion [12] .
The model could be applied to the single event or to multi-year events. WEPP, even if showed some criticalities, can be considered a reliable instrument for soil erosion prevision in vineyard cultivation, useful in the agro-ecosystem management and the prevision of the best practices for the future agricultural activities.
USLE/RUSLE
The USLE (Universal Soil Loss Equation) , is a mathematical model used to predict the loss of land erosion by erosion factors [13] . Loss of land is calculated for the given conditions as the product of five primary factors, whose value is numerically calculated for a research area [1] . The parameters included in the USLE model are: the rainfall erosivity index, the soil erodibility factor, topographical factor, the plant cover factor and specific erosion control practices.
Revised USLE -RUSLE uses the same empirical principles as USLE, however it includes numerous improvements, such as monthly factors, incorporation of the influence of profile convexity/concavity using segmentation of irregular slopes, improved empirical equations for the computation of LS factor.
Development of GIS technologies and their integration with the USLE/RUSLE method led to a simpler and more efficient perception of erosion, and this integrated application was applied by many researchers in the whole world. Benefits of GIS implementation in the USLE/RUSLE method outlined in performing topographic factors inside the DEM, the employment of geostatistics for the spatial data processing, and in application of remote sensing particular for the development of land use factor [14] .
The losses of land by USLE equation represent the best, but not the absolute estimation. Usually the most accurate are the results obtained for medium soil texture, slope length up to 120m, with a gradient of 3-18% and with a consistent system of breeding and management of crops [1] .
The USLE/RUSLE model gave results useful for a general estimation of the erosion phenomena, however the outputs are strictly dependent to the single parameters estimation and the model does not permit the simulation of the erosive rainfall events.
The USLE model has already been successfully applied in the Republic of Serbia at regional level [14] .
PЕSЕRА
The PЕSЕRА [15] model is based on the quantification of the spatial distribution of soil erosion and assesses its risks in Europe. PЕSЕRА model has been successfully tested at the European level [16] , and national levels [17] in 1km x 1km grid resolution. The dominant processes involved in this model are the transport of sediment, soil erodibility and topographic potential [16] . This model is intended to be a regional diagnostic tool, which need to replace existing similar methods. The main objectives of the PESERA project are:
• To develop a process based on the spatial distribution, which can be applied at the regional level.
• To establish the spatial and temporal connections inside the physical-based model.
• To develop statistical and geostatistical methods which allow more accurate interpolation of data (especially for rainfall).
• To perform the calibration model based on current measured data. The other main objective of the project is to test the model at low and high resolution and in different agroecological zones, and to compare it with other models and methods used for the soil erosion evaluation.
The PESERA model is available in two versions: • PESERA_VBA (Excel): based on counts of the codes, and • PESERA_GRID (Fortran90): based on the grid codes. The calculations obtained by this model, for each cell within 1km x 1km resolution grid network, covering the whole Europe. Excel tables are available at the PESERA website and can be used to estimate erosion for a single point. The main or GRID model provides estimation for each cell in the 1km x 1km resolution, combining the data in the ARC Grid format with Fortran code by creating an output folder in ArcGIS or other GIS software's.
The model illustrates the soil loss in tons per acre for each cell, and its application within the GIS means that the model is spatially distributed. Four main data sets are included in the model, providing significant input data for: climate, soil, land use and topography. These data sets within the PESERA projects are a mixture of data from public and limited resources.
Inside PESERA do not exist formal requirements for determining the optimal resolution and level of detail. However, it is not recommended to use PESERA with a resolution that is less than 100 m (100m x 100m raster cell). Past studies have shown that the typical PESERA resolutions are 100 m, 250 m and 1000 m.
G2
The G2 model is a new generic model for erosion which has been produced within the Geoland 2 project. Resulting from a cooperation between the Land Management & Natural Hazards Unit of the JRC and the laboratory of Forest Management and Remote Sensing of the Aristotle University of Thessaloniki, this model enables to estimate soil loss (in t/ha) from sheet and interril erosion caused by splash and runoff, on a monthstep basis.
The G2 employs harmonized standard input data from European and global databases, such as the European Soil Database (ESDB), the Topsoil Organic Carbon (TOC), BioPar products of Geoland 2, the SPOT imagery, and the ASTER DEM datasets.
The G2 is a dynamic model, as it takes account of contemporary changes of rainfall erosivity and vegetation retention. Based on the empirical USLEfamily models, it needs calibration for rainstorm erosivity, while vegetation retention is based on biophysical parameters derived with remote sensing. The G2 model has been applied in the cross-border basin of Strymonas river, located in South East Europe (Greece and Bulgaria).
Conclusion
At present, reliable data of the actual soil loss for wider areas are much unknown. Without more detailed data than offered European database to scale 1:1.000.000, Corine Land Cover Database in scale 1:250.000 and 1:100.000 and MARS agroclimatic database with a resolution of 50 x 50 km, the soil protection strategy could be become dysfunctional in the future. Computer-based models such as the USLE/RUSLE, G2 and PESERA offer some hope for getting better prediction of erosion than earlier models. The usage of these models requires the application of GIS and GIS-based procedures for determining factors of erosion and erosion prediction, at the point or grid level. In the absence of detailed field testing, the use of remote sensing analysis, digital elevation model, the application of geostatistics and other segments of GIS, proved to be an invaluable overview of erosion factors. Knowledge about these factors is necessary for soil conservation work, in terms of accuracy and time that is required for analysis. For these reasons, as a new methodological approaches are recommended USLE and PESERA, by the side of Ministry of Natural Resources, Mining and Spatial Planning of the Republic of Serbia, inside the document "Regulation on the national list of environmental indicators" ("Official gazette" of the Republic of Serbia, no. 37/2011, Clause 1). However, for accurate modelling, these models must be validated at the research sites. Also, scientists who deal with these issues must cooperate more with scientists from other disciplines (geologists, geographers, biologists, chemists, statisticians, economists and experts in other fields), because the soil erosion is complex problem that requires a multidisciplinary approach. Finally, this problem needs to be widely accepted inside the public and political environment, because the solving of erosion problem is essential for the sustainable development of the ecosystem in a particular area.
